
Behaviors related to autism spectrum
disorder in children with developmental
language disorder and children with
22q11.2 deletion syndrome

Iris Selten , Tessel Boerma and Emma Everaert
Institute for Language Sciences, Utrecht University, Utrecht, The Netherlands; Department of

Pediatrics, Wilhelmina Children’s Hospital, University Medical Center Utrecht, Utrecht, The

Netherlands

Ellen Gerrits
Institute for Language Sciences, Utrecht University, Utrecht, The Netherlands; Research group

Speech and Language Therapy – Participation is Communication, HU University of Applied Sciences,

Utrecht, The Netherlands

Michiel Houben
Department of Pediatrics, Wilhelmina Children’s Hospital, University Medical Center Utrecht,

Utrecht, The Netherlands

Frank Wijnen
Institute for Language Sciences, Utrecht University, Utrecht, The Netherlands

Jacob Vorstman
Program in Genetics and Genome Biology, Research Institute, and Department of Psychiatry, The

Hospital for Sick Children, Toronto, ON, Canada; Department of Psychiatry, University of Toronto,

Toronto, ON, Canada

Abstract
Background and Aim.: Children with Developmental Language Disorder (DLD) are at an increased risk to develop

behaviors associated with Autism Spectrum Disorder (ASD). The relationship between early language difficulties and

the occurrence of ASD-related behaviors in DLD is poorly understood. One factor that may hinder progress in under-

standing this relationship is the etiological heterogeneity of DLD. We therefore study this relationship in an etiologically

homogeneous group of children, who share phenotypic characteristics with children with DLD: children with the 22q11.2

Deletion Syndrome (22q11DS). We compare children with 22q11DS, to children with DLD and age-matched typically

developing children (TD).

Method: 44 children with 22q11DS, 65 children with DLD and 81 TD children, between 3.0–6.5 years old, participated

in a longitudinal cohort study that included a baseline measure and a follow-up measure with a 1-year interval. A parental

questionnaire (SRS-2) was used to measure the incidence of behaviors in two key behavioral domains associated with

ASD: Social Communication and Interaction and Restricted Repetitive Behaviors and Interests. At baseline, we assessed chil-

dren’s expressive and receptive language abilities as well as their intellectual functioning with standardized tests. We com-

pared the distribution of ASD-related behaviors between the three groups. We used regression analyses to investigate

whether language abilities at baseline predict ASD-related behavior at follow-up, accounting for ASD-related behavior

at baseline, demographic variables and intellectual functioning.
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Results: Both the children with 22q11DS and the children with DLD displayed significantly more ASD-related behaviors

than the TD children. Over 30% of children in both clinical groups had scores exceeding the subclinical threshold for ASD

in both behavioral domains. Both in 22q11DS and DLD, baseline receptive language scores were negatively correlated

with ASD-related behaviors 1 year later, when controlling for baseline SRS-scores. However, this association was statis-

tically significant only in children with 22q11DS, even when controlled for IQ-scores, and it was significantly stronger as

than in the TD group. The strength of the association did not differ significantly between 22q11DS and DLD.

Conclusion: Both children with 22q11DS and children with DLD present with elevated rates of ASD-related behaviors

at a preschool-age. Only in children with 22q11DS we observed that weaker receptive language skills were related to

increased behavioral problems in the domain of social communication and interaction one year later.

Implications: Our findings indicate that relations between early language impairment and other behavioral phenotypes

may be more feasible to detect in a subgroup of children with a homogeneous etiology, than in a group of children with a

heterogeneous etiology (such as children with DLD). Our results in 22q11DS reveal that receptive language is especially

important in predicting the occurrence of ASD-related behaviors. Future research is needed to determine to what extent

receptive language predicts the occurrence of ASD-related behaviors in children with DLD, especially among those chil-

dren with DLD with the weakest receptive language. Clinically, screening for ASD-related behaviors in children with

developmental language difficulties is recommended from a young age, especially among children with receptive language

difficulties.
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Introduction
Children with Developmental Language Disorder (DLD)
not only present with a variety of language problems, but
also display elevated rates of behaviors that are typically
observed in children with Autism Spectrum Disorder
(ASD). In the present study, we will refer to this with
“ASD-related behaviors”. However, the extent to which
children with DLD develop these ASD-related behaviors
varies greatly (e.g., Conti-Ramsden et al., 2006), highlight-
ing the need to understand the mechanisms that contribute
to such inter-individual variability in DLD. Previous
research suggests that individual differences in the language
skills of children with DLD could not explain this variabil-
ity in the occurrence of ASD behaviors (e.g.,
Conti-Ramsden et al., 2006; Leyfer et al., 2008).
However, it is possible that this research was hindered to
detect an association between language and ASD-related
behaviors, by the etiological heterogeneity of DLD. That
is, a wide range of biological and environmental risk
factors, which may vary from child to child, is known to
contribute to the development of DLD (Conti-Ramsden &
Durkin, 2017). It could be that some of these etiological
factors are more strongly associated with the development
of ASD-related behaviors than others and that different eti-
ologies may differently impact the association between lan-
guage skills and the occurrence of ASD-related behaviors in
DLD. As a result, wide inter-individual variation in the
strength of the relationship between language and ASD
may exist among the group of children with DLD, which
makes it difficult to elucidate such a relationship. The aim

of the present study is, therefore, to investigate if we can
more readily detect this relationship within a group of chil-
dren who all share the same genetic etiology: The 22q11.2
deletion syndrome (22q11DS; McDonald-McGinn et al.,
2015). 22q11DS is a relatively frequently occurring
genetic disorder that is, like DLD, associated with develop-
mental language difficulties (Solot et al., 2019) and
ASD-related behavior (Fiksinski et al., 2018). Here, we
report on findings of our comparative study of children
with 22q11DS, children with DLD, and typically develop-
ing (TD) age-matched peers.

What is developmental language disorder
Developmental Language Disorder (DLD) is a neurodeve-
lopmental condition, with an estimated prevalence of 3%–
7% of the children in the general population (Bishop
et al., 2017; Norbury et al., 2016). Children with DLD
have severely impaired language skills, which negatively
affects their functioning in other domains, such as academic
and occupational achievement (Bishop et al., 2017). The
diagnostic criteria of DLD stipulate that the language diffi-
culties of children with DLD are not explained by a known
physical, neurological, intellectual or environmental cause
(Bishop et al., 2017). Nevertheless, various biological and
environmental risk factors have been associated with
DLD that may differ from child to child (Conti-Ramsden
& Durkin, 2017; Rudolph, 2017), indicating that the eti-
ology of DLD is highly heterogeneous.
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This etiological heterogeneity may be reflected in the
phenotypical heterogeneity that characterizes DLD
(Bishop, 2006). Children with DLD vary from each other
with respect to their level of impairment in the different
modalities of language (i.e., receptive and expressive), as
well as in the different language domains, including phon-
ology, morphosyntax, semantics and pragmatics (Lancaster
& Camarata, 2019; Williams et al., 2008). Furthermore,
DLD is not only heterogeneous in terms of its linguistic
profile, but also with respect to co-occurring features,
including socio-emotional and behavioral difficulties
(Chow et al., 2018; Curtis et al., 2018). Of particular rele-
vance to the study presented here is that the prevalence of
ASD, and therefore the behavioral symptoms that are asso-
ciated with ASD, is increased among children with DLD,
which appears to be a consistent finding across multiple
independent studies (Conti-Ramsden et al., 2006; Leyfer
et al., 2008; Loucas et al., 2008; Miniscalco et al., 2018;
Mouridsen & Hauschild, 2009).

Autism spectrum disorder in children with DLD
ASD is characterized by impairments in two core behav-
ioral domains, that are described in the fifth edition of the
Diagnostic and Statistical Manual of Mental Disorders
(DSM-5; American Psychiatric Association, 2013). The
first involves difficulties in Social Communication and
Interaction (SCI) and the second is related to the presence
of Restricted and Repetitive Behaviors and Interests
(RRB). In the present study, we use the term ASD-related
behaviors to refer to symptoms in these two domains.
Experiencing ASD-related behaviors negatively impacts
friendship quality, independence, and early work experi-
ence in adolescents with DLD, beyond the impact of their
language difficulties (Durkin et al., 2011).

Problems with pragmatic language, which refers to the
use of language in a social context, are part of the diagnostic
criteria for both ASD and DLD. However, behavioral diffi-
culties observed in children with DLD are not limited to
pragmatic language problems and overlap with the behav-
ioral characteristics that are commonly seen in children
with ASD. These may include weak social competence, dif-
ficulties in peer relationships (Howlin et al., 2000; Loucas
et al., 2008; McCabe, 2005; Mok et al., 2014) and repetitive
behaviors (Honey et al., 2008; Howlin et al., 2000; Ozgyurt
& Dinsever Eliküçük, 2018). Previous studies (summarized
in Table 1) indicate high variability in the extent to which
children with DLD develop ASD-related behaviors. Some
children may be meeting full criteria for ASD, whereas
others develop subthreshold levels of ASD-related beha-
viors, while yet another subgroup of children with DLD
does not present with any ASD-related behaviors.
Overall, previous findings suggest that DLD is associated
with an increased probability to develop ASD or
ASD-related behaviors, in particular those involving

problems in communication and interaction, but to a
varying extent. Understanding the factors that impact this
variability could enhance our ability to early identify
those children with DLD who are most liable to develop
ASD behaviors, and ultimately, explore the potential of
early interventions (see also Williams et al., 2008).

Relation between language and ASD-related
behaviors in DLD
It has been suggested that difficulties in understanding
others and expressing oneself may pose a risk for the devel-
opment of a range of socio-emotional and behavioral diffi-
culties (Bornstein et al., 2013; Salmon et al., 2016). In a
meta-analysis of longitudinal studies in TD children,
Chow and colleagues (2018) empirically confirmed this
suggestion, and even showed that receptive language
appeared more important in predicting later behavioral out-
comes than expressive language. However, this
meta-analysis did not include specific measures of ASD,
therefore the observed socio-emotional and behavioral dif-
ficulties cannot be considered as equivalent to ASD.

Given that language development is of critical importance
for a child’s social and behavioral functioning
(Conti-Ramsden et al., 2018), one could hypothesize that
the variation in language difficulties among children with
DLD partly explains the observed variation in the prevalence
of ASD and ASD-related behaviors in this population. The
existing evidence for this hypothesis is mixed, but appears
to tend towards no or at most a weak correlation between lan-
guage difficulties and ASD-related behaviors in DLD. First,
and in contrast to the hypothesis mentioned above, a vast
number of studies did not detect a relationship between the
language abilities and the development of ASD or subthres-
hold ASD-symptoms in children with DLD
(Conti-Ramsden et al., 2006; Howlin et al., 2000; Leyfer
et al., 2008; Mouridsen & Hauschild, 2009), nor between lan-
guage ability and difficulties with peer relationships (Mok
et al., 2014). One study showed that receptive language def-
icits appeared to be negatively associated with the domain
measuring ‘communication and language’ in the Autism
Diagnostic Interview (ADI-R), in children with a mixed
receptive/expressive language disorder (Mildenberger et al.,
2001). Furthermore, expressive language deficits of children
with DLDwere shown to be associated with social interaction
problems in the school context and weaker receptive language
skills in children with DLD were associated with increased
repetitive behaviors (Gibson et al., 2013). However, both
these latter studies were limited by a small sample size, and
one used only cross-sectional data (Gibson et al., 2013).

On the one hand, this evidence may suggest that early
language difficulties do not impact the development of
ASD-related behaviors in children with DLD. On the
other hand, if a relationship between language and

Selten et al. 3



ASD-related behaviors exists in some children with DLD,
the etiological heterogeneity that characterizes DLD poses
a challenge to elucidate this relationship. Given the etio-
logical variability of DLD, it is possible that the
co-morbidity of ASD-related behaviors in DLD varies as
a function of the specific etiology underpinning DLD.
This would also imply that different etiologies of DLD
may differently impact the relationship between language
abilities and the development of ASD-related behaviors.
Against this background, it may therefore be relevant to
study the relationship between language and ASD in a
group of children who are phenotypically similar to DLD,
but who have a more homogeneous etiology.

22q11.2 deletion syndrome
In the present study, we, therefore, compare children with
DLD to children with the 22q11.2 deletion syndrome
(22q11DS; OMIM #188400, #192430). 22q11DS is a neu-
rodevelopmental condition, that is resulting from a Copy
Number Variant (CNV; McDonald-McGinn et al., 2015).
A CNV refers to a deletion or duplication of genetic mater-
ial on a specific region of a child’s genome, often encom-
passing more than one gene (Smajlagić et al., 2021). In
this case, 22q11DS is caused by a hemizygous

microdeletion of 0.7–3 million base pairs on the long arm
of chromosome 22 (McDonald-McGinn et al., 2015).
Some of the CNVs, are pathogenic, meaning that they are
disease-causing. A subset of these pathogenic CNVs,
among others 22q11DS, are associated with a range of neu-
rodevelopmental problems, including both developmental
language difficulties and a high incidence of ASD
(Barnett & van Bon, 2015; Sønderby et al., 2021).

22q11DS has a prevalence of 1:2000 live births
(Blagojevic et al., 2021) and is characterized by a heteroge-
neous phenotype, including varying physical, cognitive and
psychiatric difficulties. The level of intellectual functioning
in 22q11DS is variable, and is normally distributed around a
full-scale IQ-score of 70 in adulthood (De Smedt et al.,
2007). Speech-language difficulties are reported in 95% of
children with 22q11DS, making this one of the primary devel-
opmental concerns that manifest early in life (Solot et al.,
2019). Similar to what is reported in DLD, 22q11DS is asso-
ciated with impaired language development across modalities
and domains (Everaert et al., 2023; Solot et al., 2019; van den
Heuvel et al., 2018). Moreover, it has been shown that the lan-
guage skills of children with 22q11DS are impaired beyond
what can be expected given their overall cognitive level,
which also corresponds to what is observed in many children
with DLD (Goorhuis-Brouwer et al., 2003; Norbury et al.,

Table 1. Overview of empirical studies that reported prevalence rates of ASD-diagnoses and the incidence of ASD-related behaviors in

children that were diagnosed with or referred for DLD, and in whom presence of ASD or suspected ASD was excluded.

Outcome measure of

ASD-related behavior N

Mean Age

baseline

(years)

Mean Age

follow-up

Instrument to assess

ASD-related

behavior

% of individuals with

this behavior at

follow-up Study

Full criteria for ASD on two

instruments or diagnostic

classification of ASD

76 7 14 ADOS & ADI 4% Conti-Ramsden

et al. (2006)

108 2.5–3.5 5 Review of clinical

records

11% Miniscalco et al.

(2018)

469 5 35.8 Review of clinical

records

2.1% Mouridsen and

Hauschild, 2009

Full criteria for ASD on one

instrument only

76 7 14 ADOS or ADI 26% Conti-Ramsden

et al. (2006)

ASD-related behaviors on

both SCI and RRBII

108 2.5–3.5 5 Review of clinical

records

12% Miniscalco et al.

(2018)

93 2.5 9 −11 SRS-2 20% Roy & Chiat (2014)

ASD-related behaviors on

SCI only

44 11.1 cross-sectionala ADI or ADOS or

Both

41% Leyfer et al. (2008)

ADI Social Interaction 14%
ADI communication 11%
ADOS Social
Interaction

18%

ADOS communication 25%
ASD-related behaviors on

RRBI only

44 11.1 cross-sectionala ADI

ADOS

25%

10%

Leyfer et al. (2008)

Abbreviations. ADOS = Autism Diagnostic Observation Schedule . ADI = Autism Diagnostic Interview. SCI = social communication and interaction.

RRBI = restricted repetitive behaviors and interests. SRS-2 = Social Responsiveness Scale.
aPresence of ASD was explicitly excluded.
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2016; Selten et al., 2021; Solot et al., 2001). One previous
study investigated neurophysiological functioning during lan-
guage processing and did not detect differences between chil-
dren with 22q11DS and children with DLD (VanSteensel
et al., 2021). Others concluded that children with 22q11DS
have a largely overlapping profile of behavioral difficulties
with children with both a language impairment and a learning
disability (Swillen et al., 2001). Together this indicates that
22q11DS and DLD share significant overlap. Of note is that
the current diagnostic criteria for DLD differentiate children
with 22q11DS from children with DLD, based on the pres-
ence of a genetic condition (i.e., 22q11DS), which underlies
the developmental language difficulties that are observed in
virtually all children with 22q11DS.

In addition, 22q11DS is associated with an elevated
prevalence of a variety of neurodevelopmental disorders
in childhood, as well as schizophrenia in young adulthood.
Given differences in assessment tools and age of study
populations, prevalence rates are variable across studies.
However, the prevalence of ASD in 22q11DS is typically
reported between 10% and 40% (Fiksinski et al., 2018;
Schneider et al., 2014). It has been observed that early lan-
guage difficulties are associated with the development of
subsequent psychosis in 22q11DS (Solot et al., 2020).
However, the relationship between early language difficul-
ties and the development of ASD and ASD-related beha-
viors has not been studied in 22q11DS.

Aim of the present study
The aim of the present study is to enhance our understanding of
the relationship between language difficulties and the occur-
rence of ASD-related behaviors in children with developmen-
tal language difficulties. To this end, we will investigate the
relationship between language skills and ASD-related beha-
viors in children with 22q11DS, and compare these observa-
tions to children with DLD and TD children.

Moreover, we use a longitudinal design, which allows us
to study the influence of language on the emergence of
ASD-related behaviors, while controlling for initial levels
of ASD-related behaviors. We use a continuous measure
of ASD-related behaviors, which contributes to gaining
insight into the severity of both core behavioral symptoms
associated with ASD (i.e., problems in social communica-
tion and interaction and repetitive restricted behaviors and
interests). In addition, we assess the influence of both
expressive and receptive language on the occurrence of
ASD-related behaviors, as they may be differentially
related to behavioral development (Conway et al., 2017).
Given that children with 22q11DS on average have a
lower level of intellectual functioning than children with
DLD, we will account for the potential confounding
effect of IQ-scores. We hypothesize that children with
22q11DS and children with DLD present with increased
rates of ASD-related behaviors in comparison to TD

children, in both domains. Additionally, if a relationship
between language and ASD-related behaviors exists, we
hypothesize that the etiological homogeneity in the
22q11DS sample will enable us to more readably detect
this relationship, while the etiological heterogeneity in
DLD hampers our ability to do so.

Method

Participants
The participants were children taking part in the
“3T-study”, a longitudinal cohort study on the linguistic,
cognitive and psycho-social development of children with
22q11DS and children with DLD, in comparison to TD age-
matched peers (see also Everaert et al., 2023). Parents or
caregivers provided written informed consent, the study
was approved by the Ethical Review Board of the
University Medical Center Utrecht, The Netherlands, and
was performed in accordance with the Declaration of
Helsinki (2013). Inclusion criteria were 1). Aged between
3 and 6.5 years old. 2). Being monolingual Dutch and 3).
Absence of hearing loss (dB > 35). A child was considered
monolingual Dutch if 80% of their life-time daily language
input was in the Dutch language. This information was
retrieved through a short, standardized phone interview
with a child’s parents or legal guardians. In the same inter-
view, parents were asked if there had ever been any con-
cerns regarding their child’s hearing. In the Netherlands,
hearing is assessed during newborn screening and is
repeated several times in the first two years of life. We,
therefore, included all children whose parents did not indi-
cate any concerns about their child’s hearing. In case of
hearing concerns, we asked for the results of standardized
hearing tests, which allowed us to decide whether a child
could participate in the study.

In the 22q11DS group, the genetic deletion was con-
firmed with a molecular genetic test. Children with DLD
met one of the following criteria prior to participation in
the study, in accordance with the Dutch criteria for admis-
sion to special care or education for children with DLD: a) a
standardized global language test score of 2 standard devia-
tions or more below the age-adequate mean, b) two separate
standardized test scores of 2 SDs or more below the
age-adequate mean for at least one important language
domain, c) standardized single test scores of 1.5 SDs or
more below the mean for at least two of these domains, or
d) standardized single test scores of 1.3 SDs or more
below the mean for at least three of these domains
(Stichting Siméa, 2017). Prior to inclusion, children in the
TD group were screened for the absence of concerns of
developmental language problems or neurodevelopmental
disorders. Children with 22q11DS were recruited via the
national outpatient clinic for 22q11DS at the University
Medical Center Utrecht, or via the national patient
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organization. Children with DLD were recruited via
national expertise centers for children with severe language
problems. TD children were recruited via daycare centers or
primary schools for regular education. The final cohort con-
sisted of 44 children with 22q11DS, 65 children with DLD,
and 81 TD children.

Measures
ASD-related behaviors. Parents or legal caregivers filled out
the second version of the Social Responsiveness Scale
(SRS; Roeyers et al., 2011) about their child. The SRS is
a questionnaire consisting of 65 items, with each item
describing a behavior that is associated with ASD. Each
item was scored on a 4-point likert-type scale ranging
from 0 (= never) to 3 (= often), indicating whether the
child displays that type of ASD-related behavior. Each
item belongs to one of two scales that matches with either
of the two core domains of ASD as described in the
DSM-5, being difficulties with Social Communication and
Interaction (SCI-scale, 53 items) and Repetitive and
Restricted Behaviors and interests (RRB-scale, 12 items).

Depending on the age of their child, parents filled out the
SRS-version for 2- and 3-year-old children, or 4- to
18-year-old children, which are comparable both in the
number and content of items. The SRS is normed on the
Dutch population for children aged 2 and 3 years old and
children aged 4 to 18 years old, as well as for different
sexes. Based on procedures described in the SRS manual,
we transformed the raw scores on the SCI-scale and the
RRB-scale into age- and sex-corrected normed T-scores
for each participant. We used these two T-scores as vari-
ables in our analyses (i.e., T-SCI and T-RRB). A T-score
lower than 60 indicates behavior in the normal range, a
T-score of 60–65 indicates mild to moderate deficiencies
in social behavior, T-scores between 66 and 75 indicate
moderate social deficits and T-scores >76 indicate severe
deficits in social functioning.

Receptive and expressive language. The Dutch version of the
Clinical Evaluation of Language Fundamentals – Preschool
version (CELF; Wiig et al., 2012) was administered to
measure children’s language abilities. The CELF consists
of different subtests to assess the level of functioning in dif-
ferent language domains. For the present study, we used
children’s scores on the three subtests that measured recep-
tive language abilities (sentence comprehension, following
directions, and basic concepts or word classes) and three
subtests that measured expressive language abilities (word
structure, expressive vocabulary, and recalling sentences).
The CELF provides normed scores for the Dutch popula-
tion, which allowed us to transform the raw scores on
each subtest into age-corrected normed scores.
Subsequently, by taking the sum of these normed scores,
we could compute both a Receptive Language Composite

score (CELF RLC) and an Expressive Language
Composite score (CELF ELC), according to procedures
described in the CELF manual (Wiig et al., 2012). These
composite scores have a mean score of 100 and a standard
deviation of 15.

Intelligence. Results of children’s intelligence assessments
(i.e., IQ-scores) were collected via medical or school
records. If this data were not available, which was the
case for all TD participants, we administered a shortened
version of the Wechsler Non Verbal (WNV; Wechsler &
Naglieri, 2008). We used the full-scale IQ scores (FSIQ)
in our analyses. These IQ scores have a mean score of
100 and a standard deviation of 15.

Procedure
Data collection consisted of a baseline measurement and a
follow-up measurement after 12 months. The language
assessment took place at a child’s daycare facility or school
by a trained researcher. Parents were asked to fill out online
questionnaires regarding the linguistic and behavioral devel-
opment of their child. Due to the COVID-19 pandemic,
follow-up visits at schools and daycares were not possible.
Consequently, ASD-related behaviors were measured at
both baseline and follow-up, whereas language skills were
measured at baseline only. The tasks measuring expressive
language were recorded and subsequently scored by the
researcher who administered the task and, independently,
by a second researcher. In case of discrepancies, a final
score was reached by consensus.

Data processing and analyses
All analyses were conducted in RStudio version 4.0.2
(RStudio Team, 2020). We provide a visual overview of
the distribution of T-SCI scores and T-RRBI scores for
all three participant groups (22q11DS, DLD, TD). In add-
ition, using Analyses of Variance (ANOVA), we compared
the distribution of ASD-related behaviors (T-SCI scores or
T-RRBI scores) in our three participant groups. We also
used Chi-Square tests to compare the proportion of children
in each participant group with T-SCI scores or T-RRBI
scores in the mildly impaired range or higher (T > 60).
Overall, we used an alpha-level of .05 to indicate statistic-
ally significant main effects. For post-hoc analyses, we
applied Bonferroni corrections to correct for multiple com-
parisons. Given that we compared three groups, and inves-
tigated group differences on the two SRS-scales separately,
our alpha level indicating statistically significant group dif-
ferences is 0.05/3 = 0.017. We report effect sizes and
follow Ferguson (2009) for the interpretation.

We took several steps to examine the relationship
between early language skills and the occurrence of
ASD-related behaviors. First, we conducted, per group,
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four sets of partial correlations, each time correlating either
scores on the CELF RLC or the CELF ELC with either
T-SCI or T-RRB measured at follow-up, controlling for
the baseline T-scores on that SRS-scale (e.g., “CELF
ELC*T-SCI at follow-up, controlled for baseline T-SCI”).
Subsequently, for those partial correlations indicating a sig-
nificant association, we conducted a multiple regression
analysis to investigate to what extent the scores on the relevant
language variable predict the scores on the relevant SRS-scale
at follow-up, accounting for other relevant variables, including
baseline SRS-scale, parental education and intellectual func-
tioning (e.g., T-SCI at follow-up predicted by parental educa-
tion + FSIQ + baseline T-SCI + CELF ELC).

Finally, we conducted a second multiple regression ana-
lysis to investigate whether the strength of the association
between the relevant language variable and SRS-scale dif-
fered between the participant groups, accounting for the
effects of demographic variables and FSIQ. Our outcome
variable was the relevant measure of ASD-related behavior
(T-SCI or T-RRB). Our full model included age, sex, level
of parental education, FSIQ, and baseline ASD-related
behavior as predictors. In addition, we added the interaction
term for group*language (e.g., group*CELF ELC) as pre-
dictor variable. In all our regression analyses, we centered
all continuous variables to avoid multi-collinearity.

Results

Data attrition and sample description
Some parents did not complete the SRS at the follow-up
measure, resulting in missing data for children with
22q11DS (n = 2), DLD (n = 8) and TD children (n = 3;
see Table 1 in appendix A). In addition, three children from
the TD group had a score on the language assessment indicat-
ing below average language performance (i.e., CELF core lan-
guage composite score <−1 SD), and were therefore excluded

from further analyses. In comparison to the other two groups,
the final sample of children with DLD consisted of more boys
than girls (22q11male = 55%, DLDmale = 77%, TDmale =
44%, [χ2(2) = 16.64, p< .001]). In addition, significant
group differences were found for level of parental education
and IQ scores (see Table 2 for sample descriptives).

ASD-related behaviors at follow-up
T-scores. Figure 1 displays the distribution of T-scores at
follow-up on both SRS scales (SRS SCI and SRS RRB).
Results of the ANOVA showed a main effect of group
for both T-SCI scores [F(2,171) = 41.45, p < .001, η2 =
.033] and T-RRB scores [F(2,171) = 30.31, p < .001, η2

= 0.26]. Pairwise comparisons showed that TD children,
on average, had lower T-scores on both SRS-scales (pSCI
< .001; pRRB < .001) than the children with 22q11DS or
the children with DLD, who did not differ from each
other (pSCI = 1, pRRB = .160). Table 3 shows the propor-
tion of children within each group with a T-score in the
mildly impaired range or higher (T > 60). Pairwise compar-
isons showed that the proportion of children with a mildly
impaired score or higher did not differ significantly
between the children with 22q11DS and the children with
DLD in the SCI-scale [χ2(2) = 0, p = >.999]. The propor-
tion of children with a score in this range on the RRB-scale
was significantly larger in the 22q11DS group than in the
DLD group (χ2 (2) = 4.88, p = .027), but the effect did
not survive Bonferroni correction.

The relation between ASD-related behaviors and
language
Missing data. There was missing data in all three participant
groups, leaving a subsample of 28 children with
22q11DS (46% male), 52 children with DLD (76%
male) and 72 TD children (46% male) who could be

Table 2. Sample characteristics of children with SRS data at follow-up.

Variable

Group

22q11DS (n = 42) DLD (n = 57) TD (n = 75) Statistics

M SD Range M SD Range M SD Range (df)F p η2 post-hoc

Age baseline

(months)

58.5 12.2 37–77 57.0 10.2 36–74 55.8 11.0 36–78 F(2,171) =
0.76

.468 .00 -

Age follow-up

(months)

71.3 12.2 50–90 70.0 10.2 49–87 68.6 11.0 49–91 F(2,171) =
0.81

.446 .00 -

Parental

educationa
6.44 1.8 2–9 6.5 1.6 3.5–9 7.9 1.2 4–9 F(2,170) =

19.7

<.001 .19 TD>DLD =
22q11

FSIQb 79.6 12.1 50–

103

97.0 12.8 69–

124

107 13.0 81–

139

F(2,166) =
59.5

<.001 .42 TD>DLD>

22q11

aParental education was indexed by the average education level of both parents, ranked on a 9-point scale reflecting the Dutch educational system (ranging

from 1 ‘no education’ to 9 ‘university degree’). This information was missing for 1 TD child.
bFull-scale Intelligence Quotient. This information was missing for 2 children with 22q11DS, 2 children with DLD and 1 TD child.
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included in the analyses investigating the relationship
between language difficulties and the occurrence of
ASD-related behaviors at follow-up. As a substantial
number of children with 22q11DS could not be included
in the regression analyses, we compared those children to
the children with 22q11DS with complete data. The main
reason for exclusion in 22q11DS was missing data on the
language measures (see appendix A for type of missing
data). It appeared that children with and without
missing data did not differ significantly in the distribu-
tions on age, sex or T-RRB scores (see Appendix A).
However, in the group of children with 22q11DS, the
comparison of SCI scores between children with and
without missing data resulted in a borderline significant
difference (p = .052), suggesting that the children with
missing data may have had somewhat higher scores on
the SCI-scale (indicating more problems) than the chil-
dren without missing data. Given the small number of
children with missing data in both the TD and DLD
group, we did not statistically compare the children in
these groups to children with complete data.

Final sample description. The descriptive statistics and group
comparisons of the subsample that could be included in the
regression analyses are reported in Table 4. Again, the
gender distribution differed significantly between the
three groups [χ2(2) = 15.08, p < .001], as there were
more boys in the DLD group (79% male) than in the TD
group (46% male) or 22q11DS group (46% male). On all
measures of ASD-related behaviors and language, TD chil-
dren had on average higher scores than children with DLD
or children with 22q11DS, who often did not differ.
Children with DLD only differed from the children with
22q11DS on their IQ score and score of receptive language,
with higher scores of the DLD group.

Partial correlations. Table 5 shows the results of partial cor-
relations for each group. We observed a significant negative
correlation with a large effect size between baseline CELF
RLC scores and T-SCI scores at follow-up in the 22q11DS
group. This indicates that weaker receptive language skills
were associated with higher rates of ASD-related behaviors

Figure 1. Distribution of T-scores on the two subscales of the SRS (SRS SCI and SRS RRB) for children with 22q11DS (n = 42),

children with DLD (n = 57), and TD children (n = 75). Each dot indicates the score of an individual participant. Abbreviations. SCI =
Social communication and Interaction. RRBI = Restricted Repetitive Behaviors and Interests. Note. A higher T-score on the SRS

indicates more ASD-related behaviors. The horizontal dotted line reflects the cut-off score for the subclinical range (T = 60). Each box

represents the middle 50% of T-scores ranging from the 25th percentile to the 75th percentile. Black bar in each box represents the

median. Whiskers represent the 2,5th percentile and 97,5th percentile.
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in the domain of SCI at follow-up in the children with
22q11DS, while controlling for baseline T-SCI scores.

Regression analysis. We conducted a regression analysis to
explore the strength of the association between CELF
RLC and T-SCI scores at follow-up in the group of children
with 22q11DS. Given that the 22q11DS group is character-
ized by low FSIQ-scores, we added FSIQ as predictor in
this model, together with baseline T-SCI and CELF RLC.
The regression model was significant, with a large effect
size [F(3,24) = 22.38, p< .001, R2-adj = 0.70]. Model
estimates showed that CELF RLC scores at baseline signifi-
cantly predicted T-SCI scores at follow-up, taking into
account FSIQ and baseline T-SCI scores (see Table 6).

Subsequently, we investigated if the relationship
between CELF RLC and T-SCI differed between the
three groups, when accounting for variation in demographic
variables and FSIQ. We therefore conducted a final

regression model, including age, sex, parental education,
FSIQ and baseline T-SCI scores as predictors, as well as
adding the interaction term of ‘group*CELF RLC’. The
full regression model using the TD group as the reference
group was significant with a large effect size [F(10,141)
= 41.31, p < .001, R2-adj = 0.73]. Results showed that
receptive language scores at baseline were significantly
more strongly associated with T-SCI at follow-up in chil-
dren with 22q11DS than in TD children, whereas this dif-
ference was not significant in the comparison between the
TD and DLD groups nor in the comparison between the
22q11DS and DLD groups (see Table 7 and Figure 2).

Discussion
Children with DLD present with varying rates of behaviors
that are commonly seen in children with ASD (i.e.,
ASD-related behaviors). The goal of the present study

Table 3. Percentages indicating the proportion of children with 22q11DS, DLD or TD with a T-score >60 on the SRS-scales.

SRS scale

Group Statistics

22q11DS (n = 42) DLD (n = 57) TD (n = 75) χ2 p Post-hoc

SCI 45.2% 43.9% 1.33% 41.39 <.001 TD<22q11DS = DLD

RRBI 59.5% 35.0% 1.33% 50.14 <.001 TD<22q11DS = DLD

SCI and RRBI 42.9% 24.6% 0% 36.24 <.001 TD<22q11DS = DLD

Abbreviations. SCI = T-score on SRS-scale Social Communication and interaction. RRBI = T-score on SRS-scale Restricted Repetitive Behaviors and Interests.

Table 4. Sample characteristics of the children who were included in the regression analyses.

Variable

Group

22q11DS (n = 28) DLD (n = 52) TD (n = 72) Statistics

M SD Range M SD Range M SD Range (df)F p η2 post-hoc

Age Follow-up

(months)

73.4 12.0 52.1–

88.7

70.3 10.3 49.9–

87.4

68.9 10.8 48.7–

90.9

(2,149)

1.7

.184 .02 -

FSIQ 83.0 10.3 62–

103

96.5 12.8 69–

124

107.0 13.6 81–

139

(2,149)

38.3

<.001 .34 TD>DLD>

22q11

Language (Baseline)
CELF ELC 72.7 11.5 55–

100

71.6 9.8 56–98 103.0 13.3 77–

132

(2,149)

129.1

<.001 .63 TD>DLD

= 22q11

CELF RLC 76.7 14.3 55–

112

85.3 13.8 56–

115

108.0 12.3 84–

139

(2,149)

75.9

<.001 .50 TD>DLD>

22q11

ASD-related behavior

T-SCI

Baseline
59.3 12.2 38–83 60.9 10.7 43–85 48.8 7.81 34–79 (2,149)

26.7

<.001 .26 TD<DLD

= 22q11

T-RRBI

Baseline
62.3 13.5 43–99 59.8 11.9 43–91 48.8 7.3 39–72 (2,149)

25.6

<.001 .26 TD<DLD

= 22q11

T-SCI

Follow-up
57.3 11.4 37–77 58.6 8.9 44–83 47.0 6.4 34–62 (2,149)

35,8

<.001 .32 TD<DLD

= 22q11

T-RRBI

Follow-up
60.8 13.1 41–85 58.1 11.5 41–96 48.2 5.3 41–66 (2,149)

25.7

<.001 .26 TD<DLD

= 22q11

Abbreviations. FSIQ = full scale Intelligence Quotient. CELF ELC = expressive language composite score. CELF RLC = receptive language composite

score. SCI = T-score on SRS-scale Social Communication and interaction. RRBI = T-score on SRS-scale Restricted Repetitive Behaviors and Interests.
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was to further our understanding of these inter-individual
differences in ASD-related behaviors among children with
DLD. To this end, it was investigated to what extent early
receptive and expressive language difficulties were
related to the occurrence of ASD-related behaviors in
preschool-aged children with 22q11DS, children with
DLD and TD children. We expected that the more homoge-
neous etiology of the 22q11DS group would increase the
likelihood of detecting such a relationship, if it exists, com-
pared to the etiologically more heterogeneous group of chil-
dren with DLD.

Prevalence of ASD-related behaviors in 22q11DS
and DLD
As expected, we observed that both young children with DLD
and children with 22q11DS presented, on average, signifi-
cantly more ASD-related behaviors than TD children. This
was found in both key behavioral domains that are associated
with ASD, including the domain of social communication
and interaction (SCI) and the domain of Restricted
Repetitive patterns of Behaviors and Interests (RRBI). To
our knowledge, this is the first study reporting on prevalence
rates of ASD-related behaviors in children with DLD in this
age-range. Previous studies with older children and adoles-
cents with DLD reported that around 30% of school-aged

children with DLD present with ASD or ASD-symptoms,
predominantly in the domain of SCI (see Table 1). The
results of the present study showed comparable prevalence
rates of ASD-related behaviors, as well as a similar pattern
of relatively more problems in the domain of SCI than in
the domain of RRBI in young children with DLD. Of note,
more than half of the sample of children with DLD did not
have elevated rates of ASD-related behaviors, indicating
that our measures of language and of ASD are not tapping
into the same underlying construct. In addition, this highlights
the variability in ASD-related behaviors within the group of
children with DLD. One previous study has specifically
investigated the prevalence of ASD-related behaviors in a
sample of young children with 22q11DS (Serur et al.,
2019). These authors reported a similar level of problems in
both the domain of SCI and RRBI, which is in line with
the results of the present study, and which is in accordance
with what is reported in school-aged children and adolescents
with 22q11DS (Kates et al., 2007; Vorstman et al., 2006).

Relationship between language and ASD-related
behaviors
Our analyses revealed that the level of receptive language
skills of the children with 22q11DS was negatively asso-
ciated with the level of ASD-related behaviors in the

Table 5. Results of the partial correlations between the measures of language and ASD-related behaviors at follow-up, while controlling

for ASD-related behaviors at baseline.

Correlation model

Group

22q11DS (n = 28) DLD (n = 52) TD (n = 72)

r p r p r p

T-SCI – CELF ELC −0.23 .239 −0.14 .326 −0.09 .460

T-SCI – CELF RLC −0.59 .001 −0.18 .197 −0.01 .936

T-RRBI – CELF ELC 0.12 .552 −0.08 .594 0.01 .919

T-RRBI – CELF RLC −0.22 .260 −0.04 .807 −0.04 .767

Abbreviations. T-SCI = T-score on social communication and interaction (SRS-scale SCI). T-RRBI = T-score on Restricted Repetitive Behaviors and

Interests. (SRS-scale RRBI). CELF ELC = expressive language composite score (CELF). CELF RLC = receptive language composite score (CELF).

Table 6. Results of the regression analysis for the 22q11DS group (n = 28), predicting t-scores on social communication and

interaction at follow-up, using receptive language as predictor, accounting for full scale iq-scores and t-scores on social communication

and interaction at baseline.

Variable Beta Std-error t p

Intercept −0.33 0.22 −1.48 .152

FSIQ 0.06 0.21 0.26 .796

Baseline T-SCI 0.65 0.12 5.55 <.001

CELF RLC −0.61 0.19 −3.16 .004

Abbreviations. FSIQ = Full Scale Intelligence Quotient. T-SCI = T-score on social communication and interaction (SRS-scale SCI). CELF RLC = receptive

language composite score (CELF).

10 Autism & Developmental Language Impairments



SCI-domain 1 year later. In the present study, some children
with 22q11DS were excluded from the analyses, because
they had missing data on the language tasks. These children
had relatively high SCI scores (indicating more problems),
and, based on our own observations, had relatively low lan-
guage levels (resulting in missing data on some of the lan-
guage tasks). Hence, we expect that the inclusion of these

individuals would most likely have strengthened, not wea-
kened, the observed association. The design of the present
study did not allow us to investigate the bidirectional rela-
tionship between language and ASD. Nevertheless, as we
corrected for baseline ASD-related behaviors, the results
of this study indicate that receptive language problems con-
tribute to the occurrence of ASD-related behaviors in the
domain of social communication and interaction. The
present results were based on parent-report of
ASD-related behaviors, and additional observational mea-
sures of ASD-related behaviors (e.g., using ADOS) would
increase the validity of the present results.

Including a global measure of intellectual functioning
seemed to demonstrate that variation in the level of intellec-
tual functioning did not contribute to the occurrence of
ASD-related behaviors in children with 22q11DS, which
is in line with previous observations (van den Heuvel
et al., 2018; Vorstman et al., 2006). However, studying
the association between intellectual functioning and any
co-occurring neuropsychiatric phenotype is challenging in
this population, given that discrepant IQ profiles and cogni-
tive decline are commonly observed (Swillen, 2016). As
such, follow-up research specifically addressing the associ-
ation between intellectual functioning and the development
of ASD-related behaviors is recommended to draw firm
conclusions in this regard.

We observed that the association between receptive lan-
guage and SCI was stronger in the children with 22q11DS
than in the group of TD children. A similar positive associ-
ation was observed in the DLD children, but weaker and not
reaching statistical significance. These observations
confirm our hypothesis that such a relationship can be
more easily detected in an etiologically homogeneous
group (i.e., 22q11DS), than in an etiologically heteroge-
neous group (i.e., DLD). This supports the possibility that
the inconsistent findings in the literature regarding the
association between language ability and ASD-related
behaviors are due, at least in part, to the etiological hetero-
geneity of the DLD population.

The strength of the association between receptive lan-
guage and SCI did not significantly differ between the chil-
dren with DLD and the children with 22q11DS, when
accounting for important demographic variables, such as
sex and FSIQ on which the groups differed significantly.
The difference in sample sizes between the 22q11DS and
DLD groups may have hindered to detect a statistical differ-
ence in the strength of the association between language
and ASD-related behaviors (Aguinis et al., 2017), although
a similar sample size difference existed between the
22q11DS and TD groups, for which our comparison of
this relationship did result in a significant difference.
Alternatively, our finding leads us to speculate that there
may be a subgroup within the larger group of children
with DLD, who behaves similarly as children with
22q11DS. The results of the present study seem to indicate

Table 7. Results of the interaction model predicting SRS SCI

T-scores at follow-up.

Variable Beta Std-error t p

Intercept −0.29 0.11 −2.68 .008

Age follow-up 0.15 0.05 2.99 .003

Sex 0.15 0.09 1.57 .119

Parental education −0.09 0.05 −1.63 .105

FSIQ −0.06 0.06 −1.09 .280

Baseline T-SCI 0.67 0.06 11.70 <.001

CELF RLC: TD vs. 22q11DS −0.50 0.17 −2.92 .004

CELF RLC: TD vs. DLD −0.16 0.14 −1.15 .254

CELF RLC: 22q11DS vs. DLDa −0.34 0.17 −1.97 .051

Abbreviations. FSIQ = full scale IQ score. T-SCI = T-score on social

communication and interaction (SRS-scale SCI). CELF RLC = receptive

language composite score (measured with CELF).

Note. We did not include main effects for group and RLC in this table as

they cannot be interpreted in the presence of a significant interaction

effect.
aThe comparison between the 22q11DS and DLD groups comes from a

different model using the 22q11DS group as the reference group. Full

model statistics were [F(10,141) = 41.31, p = . < 001, R2adj = 0.73].

Figure 2. Plot presenting the relationship between receptive

language and ASD-related behaviors in the domain of social

communication and interaction in children with 22q11DS (n =
28), children with DLD (n = 52) and TD-children (N = 72),

using the predicted values resulting from the regression model.

Abbreviations. SRS SCI = Social Communication and Interaction

(SRS-scale SCI). CELF RLC = Receptive Language Composite

score (measured with the CELF). Note. Individual dots represent

data points of individual participants. Solid line is predicted mean

per group.
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that children with 22q11DS have on average weaker recep-
tive language skills than children with DLD. Although
prevalence rates of receptive language problems in DLD
have not been frequently reported, also in other samples
has been shown that around half of the children perform
at an age-expected level (e.g., Boyle et al., 2009). Based
on these observations, we may speculate that a relationship
between receptive language and SCI may exist only in those
children with DLD with receptive language problems. As
this has been previously observed in one study
(Mildenberger et al., 2001), further research is needed to
explore this hypothesis.

We did not observe any relationships between language
and ASD-related behaviors in our TD group, which con-
trasts with research that did demonstrate such relationships
(e.g., Larkin et al., 2017). However, other studies suggested
that language is only predictive of problem behavior for
children with very low language levels (Goh et al., 2021).
As our TD children all had language scores in the normal
range, this could explain why we did not detect a relation-
ship between language and ASD-related behaviors in this
group. In addition, we also did not detect significant asso-
ciations between expressive language and ASD-related
behaviors. This strengthens previous work suggesting that
receptive language is more important for socio-emotional
and behavioral development (Chow et al., 2018).
Alternatively, it has been suggested that the impact of
expressive language difficulties increases in a later develop-
mental stage, when these skills are generally more devel-
oped (Conway et al., 2017). Future studies using a longer
follow-up period or a larger age-range could answer such
questions.

Implications
Our results may imply that the degree of receptive language
impairment contributes to the occurrence of ASD-type
behavior in children with developmental language disor-
ders. It has been suggested that weak receptive language
skills may especially be a risk factor for the development
of problems in the domain of social interaction and commu-
nication, because children with weak receptive language
skills may withdraw from their environment due to difficul-
ties understanding parents, peers and teachers, thereby
avoiding interactions with others. In turn, this leads to
reduced opportunities to practice social skills (Angkustsiri
et al., 2014; Bornstein et al., 2013; Salmon et al., 2016).
As a next step, it would be interesting to study to what
extent therapy targeting receptive language may also influ-
ence the development of ASD-related behaviors in children
with language difficulties.

Besides ASD-related behaviors, DLD is associated with
several other behavioral phenotypes, including Attention
Deficit Hyperactivity Disorder (ADHD) and increased

levels of anxiety and depressive symptoms. To elucidate
to what extent early language difficulties contribute to the
emergence of these different developmental phenotypes,
future studies may copy the approach of the present
study, by investigating these relationships in an etiologic-
ally homogeneous group. It has been shown that a small
number of children with different CNVs, other than
22q11DS, could be identified in a population of children
who were initially diagnosed with DLD (Kalnak et al.,
2018; Pettigrew et al., 2015; Plug et al., 2021). This indi-
cates that, besides 22q11DS, there may be several other
relevant subgroups with a shared genetic etiology and a
phenotype corresponding to DLD. Examining interrelation-
ships between language difficulties and other behavioral
phenotypes in 22q11DS and such other subgroups may
potentially provide leads for future studies aiming to inves-
tigate relationships between different behavioral pheno-
types in DLD.

The results presented here likely have implications for
clinical practice. The age of the youngest children in this
study was three years. This is due to the fact that, in the
Netherlands, a diagnosis of (suspected) DLD is often not
given before this age. However, we know that
ASD-related behaviors may be observed at an earlier age
(Zwaigenbaum et al., 2015). Indeed, we found high rates
of ASD-related behaviors in both children with 22q11DS
and DLD in our sample at the baseline measure, which
highlights the need for early awareness and screening of
the presence of ASD-related behaviors, both in children
with 22q11DS and DLD. It has been reported that receptive
language problems tend to increase in children with
22q11DS during school-age (van den Heuvel et al.,
2018). These problems may be easily overlooked by care-
givers and professionals, particularly in the context of a
broad range of physical symptoms that characterizes
young children with 22q11DS. However, given the correl-
ation with the occurrence of ASD-related behaviors, careful
monitoring of receptive language development in children
with 22q11DS is warranted.

Strengths, limitations and future
directions
We used composite scores derived from a standardized lan-
guage assessment, including measures of multiple language
domains, which gives a broad indication of both a child’s
expressive and receptive language skills. A limitation of
using such a standardized assessment is that a relatively
large proportion of children with 22q11DS did not com-
plete all tasks, and could therefore not be included in the
final regression analyses. We therefore recommend future
studies to include language measures that are more suitable
for children with low language levels or intellectual disabil-
ity. Such measures, especially spontaneous language
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measures, may even more strongly relate to daily life com-
munication problems.

We aimed to test to what extent the homogeneous eti-
ology of 22q11DS, would enable us to detect a stronger
relation between language and ASD-related behaviors as
compared to children with DLD. It is therefore a strength
of this study that we accounted for the effect of the level
of intellectual functioning, on which 22q11DS differed
from both the DLD and TD children. However, besides
weaker intellectual functioning, there are other factors that
differ between DLD and 22q11DS. Palatal abnormalities
and velopharyngeal insufficiency (VPI) are reported in
67% of children with 22q11DS (Solot et al., 2019),
whereas these are not frequently reported in children with
DLD. It may be argued that these difficulties impact lan-
guage development in 22q11DS, and as such contribute
to the development of ASD-related behaviors in this popu-
lation. However, three studies, one using the same sample
of children with 22q11DS as the present study (Everaert
et al., 2022; Gerdes et al., 1999; Solot et al., 2001), did
not provide strong evidence for a direct influence of
palatal or speech abnormalities on language development
in young children with 22q11DS. Nevertheless, the
palatal abnormalities or VPI might require surgical inter-
vention, and besides, 22q11DS is associated with other
physical manifestations, including congenital heart defect,
for which hospitalizations at an early age may be necessary.
This is not the case in DLD. Such hospitalization at an early
age may severely influence the early child-caregiver con-
nection and communication (Swillen et al., 2018). As
such, in line with our previous reasoning (e.g., Salmon
et al., 2016), the physical manifestations of 22q11DS may
impact future behavioral outcomes of children with
22q11DS, including the development of ASD-related beha-
viors. It would therefore be interesting for future studies to
include the context of physical symptoms, and their associ-
ation with the child-caregiver relationship, in models that
predict later behavioral outcomes.

To our knowledge, this is the first study directly investi-
gating the relationship between early language difficulties
and the occurrence of ASD-related behaviors in children
with 22q11DS. We consider it a strength of this study
that we used a longitudinal design, including a measure
of ASD-related behaviors, that was administered both at
baseline and again at the 1-year follow-up assessment.
This allowed us to demonstrate the impact of early language
difficulties of children with 22q11DS and DLD on the
occurrence of ASD-related behaviors one year later, while
controlling for the initial level of ASD-related behaviors.
To confirm our finding that receptive language difficulties
are associated with the occurrence of ASD-related beha-
viors in children with 22q11DS, replication is necessary.

Such replication studies should take into account that
other factors, besides early language difficulties, may influ-
ence the development of ASD-related behaviors in children.

For instance, it has been suggested that the relationship
between language and ASD-related behaviors could be
mediated by cognitive factors that were not included in
the present study, such as difficulties in emotion-
recognition and theory of mind (Vissers & Koolen, 2016).
Given that impaired development of these cognitive func-
tions has been reported, both in 22q11DS (Milic et al.,
2021) and in DLD (Vissers & Koolen, 2016), it would be
interesting to test to what extent these factors play a role
in understanding the relationship between receptive lan-
guage and ASD-related behaviors in these two groups of
children. Furthermore, factors such as motor functioning
or sensory processing may play a role in explaining the
observed variation in the domain of repetitive and restricted
behaviors (Berry et al., 2018). Impairments in these
domains have been reported in children with DLD
(Diepeveen et al., 2017) and in children with 22q11DS
(Van Aken et al., 2009). Future studies would need to
shed light to what extent the influence of such factors is
on the development of ASD-related behaviors, in these
groups of children.

Conclusion
We demonstrated that lower receptive language skills of
children with 22q11DS, an etiologically homogeneous
group with severe language difficulties, were associated
with more ASD-related behaviors at a later age, specifically
in the domain of social communication and interaction.
This association was not significant in children with
DLD, which corroborates with our hypothesis that the etio-
logical heterogeneity within the DLD group may hinder our
ability to detect such associations. This emphasizes the
advantage of studying homogeneous subgroups to increase
our understanding of phenotypical variability in DLD.
Future research, for instance further comparing 22q11DS
and DLD, is necessary to identify for which children with
DLD receptive language difficulties play a role in the occur-
rence of ASD-related behaviors. Clinically, results of our
study highlight the importance of screening for
ASD-related behaviors in children with DLD and
22q11DS already at a young age, especially in those chil-
dren with receptive language difficulties.
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Appendix A

Table 1. Overview indicating the number of children with missing data for each variable, out of all children that were excluded from the

regression analyses.

Type of missing data 22q11DS (n = 14) DLD (n = 5) TD (n = 3)

CELF ELC 8 2 1

CELF RLC 9 1 0

FSIQ 2 2 1

SRS Baseline 4 1 1

Abbreviatons. CELF ELC = Expressive language composite score. CELF RLC = CELF receptive language composite score. FSIQ = Full Scale IQ score.

SRS baseline = baseline score on Social Responsiveness Scale.

Note. Total in 22q11D and DLD some children had missing data on multiple variables (e.g., both CELF ELC and CELF RLC).
a Parental education was indexed by the average education level of both parents, ranked on a 9-point scale reflecting the Dutch educational system (ranging

from 1 ‘no education’ to 9 ‘university degree’). This information was missing for 1 TD child.

Table 2. Results of independent t-tests, indicating whether scores on these variables differed between children with 22q11DS who

could (n = 28) and could not be (n = 14) included in the regression analyses.

Statistics

Variable t/ χ2 p

Age follow-up −1.57 .123

Sex 1.45 .228

T-RRB follow-up 0.63 .537

T-SCI follow-up 2.02 .052

Abbreviatons. T-SCI = T-score on social communication and interaction (SRS-scale SCI).

T-RRBI = T-score on Restricted Repetitive Behaviors and Interests. (SRS-scale RRBI).

Note. Significant difference indicated higher rates of T-SCI scores for the children that did not take part in the regression analysis.
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